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Energy Storage Benefits to Village of Levelock, Alaska

Village of  Levelock
�‡ Tribal community of  49 inhabitants
�‡ Located by the Kvichakriver, in Lake and Peninsula Borough, Alaska
�‡ Main economic activities are commercial fishing, sports fishing and tourism
�‡ Diesel generators are old, inefficient and unreliable

�‡ Diesel costs 20% more than national average: $3.658 per gallon
�‡ The village experiences an average of  3 to 4 power outages per month
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Abstract: TheVillageof Levelockis locatedby the KvichakRiverin Alaska,with a populationof 49. The �Y�L�O�O�D�J�H�·�Velectricpoweris suppliedexclusivelyby dieselgenerators,whichhaveprovedunreliableand
costly. With thegoalof tryingto improvetheperformanceof the�9�L�O�O�D�J�H�·�Velectricpowersystem,thetribewantedto investigatehowbatteryenergystoragesystems(BESS)couldcontribute. BESScanreducefuel
costsby operatingthegeneratorsmoreefficiently. Sandiawill providetechnicalandeconomicindependentevaluationof theperformanceof �/�H�Y�H�O�R�F�N�·�Vnewelectricsystem. With datarecordedfrom the �W�U�L�E�H�·�V
systemandforecastsof dieselprices,weestimatehowmuchfuel thetribecanbesaveover10or 20years.

Case Study
�‡ �%�D�V�H�G���R�Q���(�Q�H�U�J�\���,�Q�I�R�U�P�D�W�L�R�Q���$�G�P�L�Q�L�V�W�U�D�W�L�R�Q�·�V�����(�,�$���������������$�Q�Q�X�D�O���(�Q�H�U�J�\���2�X�W�O�R�R�N��

(AEO), three forecasted diesel price trajectories were considered (Fig. 4): 
�‡ AEO 2020 reference
�‡ High oil price
�‡ Low oil price

�‡ 10 and 20 years horizons
�‡ Key assumptions:

�‡ Load will not change
�‡ Prices of  fuel will 

change proportionally 
�W�R���H�V�W�L�P�D�W�H�V���E�\���(�,�$�·�V��
2020 AEO2;

�‡ Round trip efficiency of  Lithium-ion BESS is 86%1;
�‡ BESS energy capacity was oversized in 20% to compensate for capacity fade over time
�‡ To avoid wet stacking, the generator cannot operate under 30% of  its rated power

�‡ Estimates of  fuel savings assumed perfect load foresight
�‡ The fuel savings are considered the maximum savings under the assumptions

�‡ A Pyomoscript provides optimal BESS and generator schedules that minimize fuel usage
�‡ Possible size of  BESS range from 20 kW to 60 kW and 240 kWh to 720 kWh
�‡ Fuel cost savings for each BESS size and diesel price scenario are calculated as:
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Results
�‡ BESS larger than 60 kW/ 240kWh yielded relatively small marginal fuel savings
�‡ Estimated fuel cost savings over 10 years for all diesel price trajectories and BESS sizes:
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Fig. 1. Location of  the Village of  Levelock in Alaska. Source: Google Maps.

Benefits of  Battery Energy Storage Systems
�‡ Battery Energy Storage Systems (BESS) can be deployed virtually anywhere
�‡ Operating generators at most efficient point of  operation can save fuel

�‡ Charge BESS to shift the point of  operation of  generators to close to full load
�‡ Shut down generators and discharge BESS to supply loads 
�‡ This solution is dependent on efficiency of  BESS 

�‡ Cost savings due to reduced fuel use can be used to pay back cost of  BESS
�‡ Lithium-�L�R�Q���E�D�W�W�H�U�L�H�V�·���W�\�S�L�F�D�O���O�L�I�H���L�V���������\�H�D�U�V1

�‡ If  cost savings are high, enough, they can be enough to payback for BESS capital cost
�‡ Economic performance depends on diesel prices, which fluctuate constantly

�‡ BESS can also be used to provide backup power

Levelock Electric Power System
�‡ �7�K�H���9�L�O�O�D�J�H�·�V���H�O�H�F�W�U�L�F���V�\�V�W�H�P���L�V���L�V�R�O�D�W�H�G���D�Q�G���G�H�S�H�Q�G�V���H�[�F�O�X�V�L�Y�H�O�\���R�Q���G�L�H�V�H�O���J�H�Q�H�U�D�W�R�U�V
�‡ The existing system has 3 generators rated at 100 kW (1 unit ) and 67 kW (2 units)
�‡ The average load is 47 kW and the peak load is less than 100 kW

�‡ That is about 50% of  full load for the large generator
�‡ Diesel generators are more efficient when running close to full capacity

�‡ The load has strong seasonal variations, with a peak in winter

Conclusions
�‡ In the scenarios analyzed, optimal operation of  a BESS associated with diesel generator 

can save up to 8.8 thousand gallons of  diesel in 10 years, depending on storage sizes
�‡ Cost savings in high oil price scenario are almost twice of  and low oil price scenario
�‡ There is an overlap between Lithium-�L�R�Q���V�\�V�W�H�P�V�·���I�R�U�H�F�D�V�W�H�G���S�U�L�F�H�V���D�Q�G���W�K�H���E�U�H�D�N���H�Y�H�Q��

�S�U�L�F�H�V���H�V�W�L�P�D�W�H�G���I�R�U���W�K�H���´�+�L�J�K���2�L�O���3�U�L�F�H�µ���G�L�H�V�H�O���F�R�V�W���W�U�D�M�H�F�W�R�U�\���Z�L�W�K���������\�H�D�U�V���R�I ���R�S�H�U�D�W�L�R�Q
�‡ Replacing old generators by new efficient units can yield significant fuel cost savings

Break-even price of  a60kW/240kWh BESS§

Scenario Reference High oil price Low oil price

10 years 478.11 $/kW 662.98 $/kW 366.77 $/kW

20 years 1013.88 $/kW 1465.04 $/kW 755.57 $/kW

Estimated fuel cost savings obtained by replacing the generator

Scenario Reference High oil price Low oil price

10 years $   77,932.37 $ 108,039.00 $   59,795.32

20 years $  165,263.36 $ 238,744.01 $ 123,182.15 

Fig. 2. Efficiency curves of  a new generator versus estimated efficiency of  generator currently in use.

Fig. 3. Electric load of  the village over one week.

Fig. 4. Forecasted average diesel prices2.

Price estimates for a 4-hour Lithium -ion BESS1 2018 2025
Mean price perkW $ 1,876 $1,446
Price range per kW $ 1,570-2,322 $ 1,231-1,676 
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USA Diesel Price Forecast Scenarios
Source: EIA 2020 Annual Energy Outlook 2

Reference High Oil price Low Oil Price Retail prices

Table 1. Lithium-ion energy storage prices of  4-hour systems per kW1.

Levelock

Sunday
05/24

Monday
05/25

Tuesday
05/26

Wednesday
05/27

Thursday
05/28

Friday
05/29

Saturday
05/30

Goal:
Estimate fuel cost-savings a 
lithium-ion energy storage 
system can provide over 10 or 
20 years of  operation.
Provide cost savings estimates 
to tribal members so they can 
make informed decisions 
about their energy 
investments.

Average load Optimal point 
of  operation

Increase in 
efficiency

Table 5. Break-even prices of  BESS with old generator.

§BESS prices lower than break-even might lead to profit. Inflation and other 
costs like interest are not considered. 

Table 6. Estimated fuel cost savings obtained by replacing old generators by new units..

Reference price trajectory High oil price trajectory Low oil price trajectory

BESS Size 240 kWh 480 kWh 720 kWh 240 kWh 480 kWh 720 kWh 240 kWh 480 kWh 720 kWh

20 kW$    21,727.54 $    23,413.32 $    25,092.84 $    30,128.63 $    32,466.24 $    34,795.15 $    16,667.59 $    17,960.79 $    19,249.17 

40 kW$    26,830.01 $    28,881.11 $    30,816.43 $    37,204.01 $    40,048.17 $    42,731.80 $    20,581.79 $    22,155.22 $   23,639.85 

60 kW$    28,686.73 $    30,994.46 $    32,632.28 $    39,778.64 $    42,978.66 $    45,249.76 $    22,006.12 $    23,776.41 $    25,032.82 

Reference pricetrajectory High oil price trajectory Low oil price trajectory

BESS Size 240 kWh 480 kWh 720 kWh 240 kWh 480 kWh 720 kWh 240 kWh 480 kWh 720 kWh

20 kW$    46,075.42 $    49,650.29 $    53,211.87 $    66,578.09 $    71,743.72 $    76,890.13 $    34,336.30 $    37,000.36 $    39,654.52 

40 kW$    56,895.72 $    61,245.27 $    65,349.32 $    82,213.22 $    88,498.24 $    94,428.51 $    42,399.80 $    45,641.17 $    48,699.59 

60 kW$    60,833.08 $    65,726.84 $    69,200.01 $    87,902.63 $    94,974.02 $    99,992.68 $    45,334.00 $    48,980.92 $    51,569.19 

�‡ Estimated fuel cost savings over 20 years for all diesel price trajectories and BESS sizes:

Table 2. Estimated nominal fuel savings over 10 years for all diesel price scenarios and BESS sizes.

Table 3. Estimated nominal fuel savings over 20 years for all diesel price scenarios and BESS sizes.

Fuel Savings per year with BESS(gallons)

BESS size 240 kWh 480 kWh 720 kWh

20 kW 587.08 632.63 678.01

40 kW 724.94 780.36 832.66

60 kW 775.11 837.47 881.72

Table 4. Yearly fuel savings from BESS.
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